In 1964, ASAI et al. (1) postulated two types of "intermediates" in acetic acid bacteria. Of the two types, the intermediate characterized by peritrichous flagellation has the properties, when grown on a glucose-yeast extract-calcium carbonate medium, of producing a water-soluble brown pigment as Gluconobacter oxydans subsp. melanogenes and G. oxydans subsp. sphaericus do, even though, like the representatives of the genus Acetobacter Beijerinck 1898, it oxidizes acetate to carbon dioxide and water.
In the three strains of the peritrichously flagellated intermediate examined by AsAI et al. (1) , IAM 1834 was isolated from a dry fruit of persimmon and named "Gluconoacetobacter liquefaciens" (2) . At first, the strain was described as being unable to oxidize acetate to carbon dioxide and water, and it was regarded as a non-motile strain. Later, AsAI and SxoDA (3) reexamined the strain as "Gluconobacter liquefaciens" and two "Gluconobacter melanogenus" strains and reported their polar flagellation and their ability to oxidize acetate to carbon dioxide and water. However, these strains were found to possess peritrichous, not polar, flagella by other workers (4, S). AsAI et al. (1) Concerning the systematic position of these organisms, CARR and SHIMWELL (6) described them as pigment-producing strains of Acetobacter aceti. In Bergey's Manual (7), these organisms are classified as Acetobacter aceti subsp. liquefaciens.
Previously, one of us (Y. Y.) (8, 9) studied the ubiquinone or coenzyme Q system of acetic acid bacteria including both types of "intermediates" and found that these pigment-producing strains, having peritrichous flagella and the ability to oxidize acetate to carbon dioxide and water, possess the Q-10[Q-9] system, which was clearly distinguished from the Q-9[Q-8] or Q-9 system of other strains of Acetobacter species, except for the Q-10 system of "Acetobacter xylinus" strains. The quinone system of the pigment-producing, acetate-oxidizing, and peritrichously flagellated strains agreed with those of all the examined strains of Gluconobacter species besides a minor component, Q-9. Based on the Q-10[Q-9] system, the author (Y. Y.) classified A. aceti subsp. liquefaciens as "A. xylinus subsp. liquefaciens" (10) . This paper proposes Acetobacter liquefaciens sp. nov. for the peritrichously flagellated intermediate or A. aceti subsp. liquefaciens on the basis of the ubiquinone system, the DNA-DNA hybridization and the electrophore tic patterns of enzymes.
MATERIALS AND METHODS
Microorganisms and cultivation. Acetobacter aceti subsp. liquefaciens IFO 12388, 12257 and 12258 and AJ 2881 and 2882 were kindly supplied by Dr. I. Banno, Institute for Fermentation, Osaka, Japan and Dr. K. Yamada, the Central Research Laboratories, Ajinomoto Co., Kawasaki, Japan, respectively (Table 1) . Acetobacter aceti subsp. aceti NCIB 8621, A. aceti subsp. xylinum IFO 3288, Acetobacter pasteurianus IFO 3223, Acetobacter peroxydans IFO 13755, G. oxydans subsp. oxydans NCIB 9013, "Gluconobacter cerinus" IFO 3267 and Escherichia coli AB 1157 were used in this experiment. The bacterial names in quotation marks are not on the Approved Lists of Bacterial Names, 1980 (11) . These organisms were grown aerobically as described previously (12) .
Determination of ubiquinone system. The quinone system was determined as described in previous papers (8, 9) .
DNA-DNA hybridization. The DNA-DNA hybridization experiment was carried out at 64° by the membrane-filter method, as reported previously (13) . 32P-labeled DNAs were extracted from the cells of A . aceti subsp. liquefaciens IFO 12388 and AJ 2881 grown on 100 ml of medium containing 1 mCi of [32P]orthophosphate for 24 hr at 30° and purified by CsCI-density gradient centrifugation at 105,000 x g for 72 hr. The radioactivity of the hybrid DNAs was measured with an Aloka Model LSC-700 liquid scintillation spectrometer.
Electrophoresis and staining of enzymes. Seven enzymes were examined : Glucose-6-phosphate dehydrogenase (NADP-dependent, EC 1.1.1.49), 6-phos-329 phogluconate dehydrogenase (NADP-dependent, EC 1.1.1.44), alcohol dehydrogenase (NAD-dependent, EC 1.1.1.1), aldehyde dehydrogenase (NADP-dependent, EC 1.2.1.4), isocitrate dehydrogenase (NADP-dependent, EC 1.1.1.42), malate dehydrogenase (NAD-dependent, EC 1.1.1.37) and catalase (EC 1.11.1.6). The electrophoresis and staining procedures of the enzymes were as described by URAKAMI and KOMAGATA (14) . Similarity values in the electrophoretic patterns of the enzymes were calculated by the following formula based on the procedure of BAPTIST et al. (15) : s( %)=N3/(N3+Nd) x 100 (s, similarity value; N3, the number of enzymes with identical relative mobility; Nd, the number of enzymes with different relative mobility).
RESULTS AND DISCUSSION
The DNA-DNA hybridization within nine strains examined in acetic acid bacteria is shown in Table 2 together with the ubiquinone system. When A . aceti subsp. liquefaciens IFO 12388 was labeled with [32P]orthophosphate, the higher homology indexes of 100 to 72 % were obtained within the three IFO strains, IFO 12388, 12257 and 12258. However, the remaining two strains, AJ 2881 and 2882 gave lower degrees (23 and 21 %, respectively). The causes of this phenom. Table 3 . In the seven enzymes examined there were few enzymes of A. aceti subsp. liquefaciens having the same relative electrophoretic mobilities as in A. aceti subsp, aceti NCIB 8621, A. aceti subsp. xylinum IFO 3288 and A. pasteurianus IFO 3223. The five strains of A. aceti subsp. liquefaciens are, therefore, electrophoretically distinguishable from the above-mentioned three strains. In addition, G. oxydans subsp. oxydans NCIB 9013 and "G. cerinus" IFO 3267 gave electrophoretic patterns different from each other. The five strains of A. aceti subsp. liquefaciens used in this experiment were found to constitute a single species on the basis of the similarity values of the electrophoretic enzyme patterns (Fig. 1) . The results obtained above have confirmed that the peritrichously flagellated intermediate or A. aceti subsp. liquefaciens is separable from A. aceti subsp. aceti as well as A. aceti subsp. xylinum at the species level. We hereby propose Acetobacter liquefaciens sp. nov. for the five strains characterized by the Q-10[Q-9] system. Acetobacter liquefaciens (Asai 1935 Gram-negative rods, occurring singly, in pairs or in chains, 0.6 to 0.8 by 1.0 to 1.8 µm. Peritrichously flagellated. Forms glossy, smooth and entire colonies. Produces a water-soluble brown pigment on a glucose-yeast extract-calcium carbonate medium. Grows on glutamate agar and mannitol agar. Possesses the Q-10[Q-9] system. The DNA base composition ranges from 63.5 to 66.4 mol % G+C. The cellular fatty acid is of the straight chain type containing C18:1 as a major.
The type strain is IFO 12388 (=IAM 1834, =ATCC 14835). The strains examined are IF012388, 12257 and 12258 and AJ 2881 and 2882.
Etymology: liquefaciens Latin participle, liquefying.
Acetobacter liquefaciens is quite easily distinguishable from other species in the genus Acetobacter by the formation of a water-soluble brown pigment and the ubiquinone system comprised of Q-10[Q-9].
The origin of IF012388 (IAM 1834) is clear. In 1935, AsAI (2) gave the name of "Gluconoacetobacter liquefaciens" to his isolates 01, 07, 36, 12, 19 and 22. However, most of the strains appeared to be dead during long preservation. The only strain of 01 is assumed to be reexamined as "Gluconobacter liquefaciens" G-1 by AsAI and SHODA (3) in 1958. In Asai's publication (2), he used the name of "Gluconobacter liquefaciens" for his isolate 16, which was described to have no ability to oxidize ethanol to acetic acid. This strain also appeared to be dead. The "G. liquefaciens" strain studied by AsAI and SHODA (3) was, therefore, different from the above-mentioned "G. liquefaciens" strain 16. It was probably in 1958 that the name of "Gluconobacter liquefaciens" was first given to the strain 01. The origins of "G. melanogenus" AC-8 and U-4 are uncertain. In Asai's Acetobacter aceti subsp. aceti, A, aceti subsp. liquefaciens, A and A. pasteurianus were shown to be separate from each other. aceti subsp. xylinum publication (2), strains 08 and 04 are seen; however, these two strains were not included in the genus Gluconobacter but in the genus Acetobacter. The remaining two strains AJ 2881 and 2882 were isolated from rice-koji by Dr. K. Komagata and have been preserved in the Central Research Laboratories, Ajinomoto Co., Kawasaki, Japan.
